have revealed the involvement of the trimeric G protein the trans-Golgi network (TGN) and caused extensive subunit ␤␥ and PKDs in regulating membrane fission, tubulation. Cargo that was destined for the plasma the specificity of these components and the order in membrane was found in PKD-K618N-containing tubes which they act along the pathway regulating membrane but the tubes did not detach from the TGN. As a result, fission is not clear. The stacks of Golgi cisternae comthe transfer of cargo from TGN to the plasma memmunicate via transport carriers with the endoplasmic brane was inhibited. We have also demonstrated the reticulum (ER), endosomes, and the plasma membrane. formation and subsequent detachment of cargo-conIs the formation of transport carriers destined for these taining tubes from the TGN in cells stably expressing compartments regulated by different isoforms of PKD? low levels of PKD-K618N. Our results suggest that
counted to document the organization of the Golgi apparatus but, for the sake of convenience, only one cell/ expressing a kinase inactive form of PKD would be dominant over the low levels of endogenous PKD in these figure is shown. To test whether the tubulation of the Golgi apparatus cells. These cells would therefore provide an opportunity to test the in vivo significance of PKD. A mutant form is specifically due to PKD-K618N expression, HeLa cells were cotransfected with 5 g of PKD-K618N and inof PKD was generated by replacing Lysine 618 with Asparagine (K618N) in the ATP binding site of its catacreasing amounts of the wt PKD. Visualization of the cells by fluorescence microscopy using anti-GST antilytic domain. This form cannot bind ATP and is therefore inactive as a protein kinase (Zugaza et al., 1996; Waldron body revealed that wt PKD effectively competes with the tubulation activity of the kinase inactive PKD-K618N et al., 1999). To confirm this, the GST-conjugated wildtype (wt) and PKD-K618N were expressed in 293T cells.
( Figure 1C ). These findings illustrate that there is a strong connection between the kinase activity of PKD and the The proteins were isolated by adsorption on GST‫ف‬ beads and tested for their ability to undergo autophosGolgi tubulation. The wt PKD and PKD-K618N show best colocalization phorylation (a test for the kinase activity of PKD). PKD-K618N is less than 2% active in autophosphorylation with TGN46 of the TGN, compared with other Golgispecific markers such as Giantin, GRASP 65, GM130, compared with the wt PKD ( Figure 1A) .
HeLa cells transfected with either the GST‫ف‬PKD-and Mannosidase II ( Figure 1D and data not shown). Interestingly, TGN46 is found in the PKD-K618N-con-K618N or the wt GST‫ف‬PKD were stained with anti-GST antibodies. GST‫ف‬PKD localizes to a pericentriolar retaining tubes. TGN46 is ordinarily transported from TGN to the plasma membrane and then back to the TGN via gion, the plasma membrane, and is additionally found . CD4 is made in the ER and transported to the cell surface via the Golgi apparatus. The cells were costained with anti-GST antibody and OKT4 antibody to visualize GST‫ف‬PKD-K618N and CD4, respectively. PKD-K618N is found on the Golgi apparatus and the associated tubes (c). CD4 is retained in the Golgi apparatus and the associated tubes and not found at the cell surface (b). In cells expressing CD4 only, as expected, the protein is found at the cell surface (a). (B) CD4 has two oligosaccharide chains, which undergo core glycosylation in the ER. The ER-specific form of CD4 is endo H sensitive. Upon reaching the Golgi apparatus, one of its oligosaccharide chains undergoes maturation by the Golgi-specific glycosyltransferases. The medial and post medial cisternae form of CD4 is resistant to digestion with endo H. In control cells (expressing CD4 only), CD4 becomes fully endo H resistant 2 hr after pulse labeling of the newly synthesized proteins. CD4 in cells expressing both CD4 and PKD-K618N also becomes fully endo H resistant after 2 hr of the pulse labeling. Thus PKD-K618N expression does not affect the transport of CD4 from ER to the medial cisternae of the Golgi apparatus. R and S denote the endo H resistant and sensitive forms of the oligosaccharide chains, respectively. Figure 3B ). In addition, the lorescence microscopy using anti-EEA1 antibody (for ., 1985) . However, protein transport from the late Golgi compartment to the rescence microscopic analysis with anti-GST antibody of these cells reveals that a fraction of PKD-K618N is cell surface is blocked under these conditions. Shifting cells to a temperature of 25-32ЊC restores protein translocalized to the Golgi apparatus. In addition, PKD-K618N is found at the cell surface and the cytosol. These port from the late Golgi compartments to the cell surface. The mechanism by which transport from the TGN cells show no obvious defect in the organization of the Golgi apparatus at 37ЊC (Figure 5 ). When these cells are is blocked at 20ЊC is not known but it provides a useful means to monitor protein transport along this step. We maintained at 20ЊC for 2-3 hr, the PKD-K618N-containing TGN undergo extensive tubulation in greater than carried out this experiment in HeLa‫ف‬GF17 cells. Newly The identity of transport carriers from TGN to the cell surface (other than the secretory storage granules) and about 20% of the cells, the VSV-G protein can be detected at the cell surface. At 90 min, in greater than 70% the mechanism by which they form is largely unknown. This is in contrast to the well-characterized COP1, of the cells, the VSV-G protein is found at the cell surface. At this time point, the number of PKD-K618N tubes is COPII, and clathrin-coated vesicles. In all of these latter cases, their formation is shown to require a small molecmarkedly reduced and PKD relocates to the Golgi apparatus, cytosol, and the plasma membrane (Figure 6) . ular weight GTPase and a complex of cytosolic proteins called the coat proteins (COP1, COPII, and clathrin As mentioned above, TGN46 cycles between TGN and the endosomes via the plasma membrane. In HeLa cells coats). In contrast, we have found that when the kinase activity of PKD is compromised by overexpressing an expressing PKD-K618N by transient transfection, TGN46 is trapped in PKD-K618N-containing tubes ( Figure 1D) . inactive kinase (PKD-K618N) , the cargo contained in the TGN is captured into tubes but the tubes do not detach. In HeLa‫ف‬GF17 cells kept at 37ЊC, the TGN46 colocalizes with the Golgi-associated pool of PKD-K618N and the By using a stable cell line expressing low levels of PKD-K618N, we have shown that PKD-K618N-containing Golgi membranes appear normal, i.e., without any obvious tubes (Figure 7 ). HeLa‫ف‬GF17 cells were shifted to tubes are transport intermediates from TGN to the plasma membrane. 20ЊC for 2 hr and visualized by fluorescence microscopy using anti-TGN46 and anti-PKD antibodies. Under these
endosomes (Banting and
We have reconstituted the accumulation and subse- containing Hepes, VSV for 1 hr at 32ЊC, followed by additional 45 Hela cells were transfected with pME-Neo-GF-PKD-K618N using the min incubation with 1.5 ml complete DMEM. The cells were then calcium phosphate method. Selection with 500 g/ml G418 (GIBCO) shifted to 40ЊC for 2.5 hr, 32ЊC for 25 min, 20ЊC for 2 hr, and finally began two days after transfection, followed by limiting dilution to 25ЊC for the times indicated. establish cell lines. One cell line, GF17, expressed full-length GST-FLAG tagged PKD-K618N analyzed by Western blotting (data not Immunoprecipitation of PKD and the Kinase Assay shown) and immunofluorescence microscopy using anti-GST antiby Autophosphorylation body and the antibody recognizing the C-terminal portion of PKD.
For the experiment shown in Figure 1A , 293T cells transfected with GST-tagged PKD wt or PKD-K618N expression plasmid were lysed Pulse Chase Experiment to Analyze the Transport of CD4 in lysis buffer (20 mM Tris pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Hela cells were transfected as indicated above. 72 hr after transfec-NP-40, 0.25% deoxycholate, 1 mM DTT, 25 mM NaF, 5 mM Na 4 P 2 O 7 , tion, cells were first starved for 30 min in methionine-free media 1 mM PMSF, 2 g/ml Leupeptin, 0.2 g/ml aprotinin, and 0.2 g/ and then pulse labeled in media containing 0.1 mCi 35 S-methionine ml pepstatin) for 1 hr at 4ЊC, followed by centrifugation at 100,000 ϫ g (NEN, Life Science Products) per ml for 15 min. for 10 min at 32ЊC. The reactions were stopped by adding sample 1994). The cDNA was subcloned into the Not1 site of pGMEXT3, buffer. The proteins were resolved by SDS-PAGE, the gel stained which has a GST tag upstream of the Not1 site. The PKD kinase with coomassie blue, dried, and analyzed by phosphoimager. inactive K618N clone was constructed by changing the Lysine in the 618 position to an Aspargine by the Quickchange kit, according to the instructions of the manufacturer. pME-Neo-GF-PKD-K618N
Cell Permeabilization
The cell permeabilization assay used is a modification of Acharya plasmid was constructed by subcloning the SalI-XbaI fragment from pGMEXT3-PKD-K618N into pME-Neo-GF vector, which has a neoet al. 
